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[57] ABSTRACT 

A combination and a method for protecting an occupant in 
a vehicle in the event of a collision involving the vehicle. 
The combination has an inflatable bag for confining, when 
inflated, the disposition of the occupant in the vehicle, a 
container for holding pyrotechnic material, a housing having 
an inner surface, an interior volume and a seal for holding 
a gas at a first pressure, and opening at a second, higher 
pressure, wherein the gas is expansible when subjected to 
heat, an initiator for initiating the combustion of the pyro- 
technic material upon the occurrence of a collision involving 
the vehicle, and a manifold, having a length, the manifold 
enveloping the housing and defining a passage with the 
housing. The manifold defines holes along the length of the 
manifold for introducing into the inflatable bag the gas 
flowing through the passage between the housing and the 
manifold. In addition, the first pressure is sufficiently high 
and the pyrotechnic material has a burning time that is 
sufficiently short, such that, upon combustion, the pyrotech- 
nic material burns substantially completely and without 
substantial contact of burning material upon the inner sur- 
face as it leaves the container, such that the pressurized gas 
at the first pressure is heated, thereby increasing the gas 
pressure to at least the second pressure to cause the seal to 
open and the gas to exit the interior volume in a time 
sufficiently short to substantially prevent transfer of heat to 
the housing. 

16 Claims, 6 Drawing Sheets 
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SIDE IMPACT AIR BAG SYSTEM 

This is a continuation of application No. 08/664,973, 
filed Jun. 3, 1996, now abandoned. 

BACKGROUND OF THE INVENTION 

Safety of occupants in a vehicle is an important concern 
to manufacturers and occupants of the vehicles. The manu- 
facturers have disposed seat belts, some partially or wholly 
inflatable, and inflatable air bags in the vehicles to protect 
the occupants when collisions involving the vehicle occur. 
An inflatable member (this term is used herein to include an 
air bag as) becomes inflated upon the occurrence of a 
collision involving a vehicle to reduce the occupant's veloc- 
ity below unacceptable rates and to limit the occupant's 
movement to enhance the occupant's safety. Many manu- 
facturers have started to provide inflatable members for 
occupants seated in a front seat. 

Perhaps the most significant consideration in a vehicle 
containing an inflatable member relates to the fact that such 
a member cannot begin to restrain the occupant's motion 
during the vehicle collision until the occupant has moved 
into engagement with such member. Particularly in the case 
of side protecting air bags, which are typically deployed 
between the door and the occupant, only a short time is 
available between the impact and when the occupant begins 
to move. 

The amount of the pyrotechnic material required in the 
inflators of the prior art have been roughly between fifty 
percent (50%) to one hundred percent (100%) more than the 
pyrotechnic material used in the inflator of this invention. As 
a result, acceptable packaging of the inflatable member and 
the inflator within a vehicle has been difficult in the prior art. 

The configuration and composition of the combustible 
materials used in existing inflators have also produced 
relatively slow inflation systems. These slow inflation 
systems, while sometimes useful for frontal air bags, have 
not been useful for inflatable seat belts and side impact 
protection systems since such restraints have to deploy in 
less than one-fifth of the time for the deployment of a typical 
air bag. This has been necessitated by the fact that the 
inflatable belt and the inflatable side bag have to provide 
occupant protection in much less time than is available for 
frontal impact air bags. Furthermore, the deceleration dis- 
tances involved in a side collision and the time interval 
between the initiation of the side impact against the vehicle 
and the striking of the occupant against an interior vehicle 
surface are greatly reduced relative to the distance and time 
for a front impact 

The combustible materials for some of these systems have 
also required filters to collect the solid particulates that are 
produced. The solid particulates required to be filtered in 
such prior art systems have been excessive. Other systems 
have been required to utilize relatively large pyrotechnic 
grains. These grains have been of such size that grain 
fracture and cracking have occurred and have caused varia- 
tions in the combustion surface, thereby detrimentally 
affecting the burning rates within the grains and hence 
operating pressure and the inflation time. 

Furthermore, when large grains have been utilized with 
slow burning rates, the variations in performance over the 
range of operating temperatures have been undesirably 
large. For example, assuming a 4G-50 millisecond function 
time, the changes in the burning rate of the pyrotechnic 
material have caused the function time of the inflator to vary 
by approximately ±20% when the temperature has been 
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varied between 175° F. and -65° F. This has resulted from 
changes in the burning rate of the pyrotechnic material with 
variations in the operating temperature. This considerable 
percentage change in the burning rate has produced a change 

5 in overall function time of approximately 15-20 
milliseconds, an appreciable portion of the time available to 
an air bag to decelerate the movement of the occupant. This 
change in overall function has produced a resultant variation 
in occupant protection. 

10 Collisions involving a vehicle at the side of the vehicle arc 
potentially more dangerous than collisions involving a 
vehicle at the front of the vehicle, one reason is that the 
vehicle offers very little protection to the occupant when the 
collision occurs at the side of the vehicle. This results from 

15 the fact that only a thin sheet of material defining the side of 
the vehicle protects the occupant from a collision involving 
the side of the vehicle. 

It has taken years for car manufacturers to accept that 
inflatable bags should be included in vehicles. The car 

20 manufacturers have concentrated on providing inflatable 
bags to protect the driver and sometimes the other occupant 
in the front seat from collisions involving the front of the 
vehicle. The car manufacturers have not concentrated nearly 
as much in providing an inflatable bag which will satisfac- 

25 torily protect the driver and the other occupants against side 
collisions. 

In co-pending application Ser. No. 08/587,773 filed on 
Dec. 22, 1995, for a "System Including an Inflatable Mem- 

30 bcr and an Inflator for Protecting an Occupant in a Vehicle 
Upon a Collision Involving the Vehicle and Method of 
Inflating the Member" and assigned of record to the assignee 
of record of this application, I disclose and claim a system 
which overcomes the disadvantages and deficiencies dis- 

35 cussed above, particularly for front end collisions. The 
construction and operation of the different sub-assemblies or 
components in the system of this invention are supple- 
mented by my co-pending application Ser. No. 08/587,773 
filed Dec. 22, 1995 which is incorporated in this application 

40 by reference. 

Prior side air bags proposed have included the air bag 
arrangements of U.S. Pat. Nos. 5,496,061, 5,464,246, 5,322, 
322, and 5,282,648. 

BRIEF DESCRIPTION OF THE INVENTION 

45 

This invention provides a system and method which 
overcome the disadvantages discussed above relating to the 
prior art. It includes an inflator which constitutes an 
improvement of the inflator disclosed and claimed in appli- 

50 cation Ser. No. 08/587,773 and which responds almost 
instantaneously to a collision involving the side of a vehicle 
to inflate a bag also included in the system. Since the inflator 
of this invention constitutes an improvement over the infla- 
tor disclosed and claimed in application Ser. No. 08/587, 

55 773, it has all of the advantages of the inflator disclosed and 
claimed in application Ser. No. 08/587,773. 

The inflatable bag of this invention is disposed adjacent 
the side of an occupant's near the shell of the vehicle to 
protect the occupant when such a collision occurs. The 

60 relationship between the inflator of this invention and the 
bag of this invention is such that the time for inflating the 
bag is minimized by inflating the bag simultaneously along 
the length of the bag. The bag is disposed in a relationship 
against the side of the seat to occupy a minimal space, before 

65 inflation, in a compartment providing an aesthetic appear- 
ance and to become inflated almost instantaneously to a 
maximal size. 


05/01/2001, EAST Version: 1.01.0021 


6,142,508 

3 4 

In one embodiment of the invention, the opposite ends of FIG. 3 is an enlarged perspective view of the bag before 

an inflatable bag are folded toward the bag center and the inflation and snows how vertically disposed flaps at the 

bag is spirally wound to fit in a compartment at the side of opposite ends of a central body portion in the bag are folded 

a vehicle seat in a vehicle. The compartment is severable to 0 n the central body portion to dispose the bag within the 

provide for the bag inflation when a collision involving the 5 compartment; 

vehicle side occurs. The bag is clamped to a manifold CT « 1A .' , , , f r ^ ■ 

extending along the bag length. A housing holding an f mQ -** * " ^elevaUon^ view of a fabric cut to 

expansible gas is disposed within the manifold along the form lhc inflatablc ba 8 & ovm m ™ GS 1 and 2 > 

manifold length and is pneumatically isolated from the FIG. 3B is an enlarged perspective view of the fabric 

manifold by a diaphragm. In another embodiment, the bag showing the almost complete stitching of the opposite 

flaps are tucked in the bag and the bag is folded in a zig-zag horizontal portions of the fabric shown in FIG. 3A to form 

manner. the bag shown in FIGS. 1 and 2; 

A ruprurable container holding particles of a pyrotechnic FIG. 4 is an enlarged perspective view of the bag similar 

material is disposed in the tube. The pyrotechnic particles to that shown in FIG. 3 and shows the bag and further shows 

become ignited by electronic circuitry which has Faraday how the bag is spirally wound to fit inside the compartment; 

shielding and which becomes energized when a collision 13 m • , . . , , . „ ... 

occurs^ainst the vehicle side. Suchcombustion causes the J™'Z? r *?*T? ™Z ^ SUbstanU f ^ y ~ **** 

container to become ruptured before the particle combustion fr 5 of F 1 ?' 7 u and dww8 disposition of the bag and an 

is completed lnflator inside the compartment, the mflator being operative 

Tne partially combusted pyrotechnic particles then com- !° ^ ate * e "P 0 ??? of a coU * ion mvolv - 

bust in the housing and transfer heat to the gas in the housing 20 m Z ^e side ot the vehicle; 

to expand the gas in the housing. This causes the diaphragm FIG. 6 is a side view, partially in section, showing the 

to break and to become impaled against a catcher, thereby inflator and the bag after the bag has been inflated and also 

providing for the gas flow through a passage defined by the showing how the compartment becomes opened to provide 

housing and the manifold clear from debris. for the inflation of the bag; 

The gas flows into the bag through holes at spaced 25 FIG. 6A is a fragmentary side view, similar to that shown 

positions in the manifold along the manifold length to inflate m FIG. 6, of an alternative construction of the compartment 

the bag. Successive holes may have progressively decreased l0 providc for an of mc compartment to obtain an 

spacings to provide for a substantially uniform inflation of inflation of the bag- 

the bag along the bag length. As the bag inflates, the bag _ . . , . . , „ - 

becomes spirally unwound or unfolded and the folded 30 7 is a sectional view taken along line 7 7 of FIG. 

opposite ends of the bag expand to increase the effective bag ' 

length. FIG. 8 is a partial sectional view along line 7 — 7 of FIG. 

The inflator and inflatable bag of this invention also 4 with the bag deployed; 

provide other advantages in relation to the prior art. For FIG. 9 is a perspective view of the bag with flap ends 

example, the inflatable bag of this invention protects the 35 nicked into the bag rather than folded against the bag body; 

neck and the head of an occupant in the vehicle from being FIG. 9a is a bottom view of the bag of FIG. 9 with the 

subjected to violent motions as a result of a vehicular bottom flap turned inside out and inserted (or tucked) 

collision. between the sides of the bag body; 

Tne air bag and the inflator of this invention also react so mG . 10 is a view similar to FIG, 4 in which the bag is 

quickly that the occupant experiences a relatively small 40 being folded in zig-zag fashion rather than being rolled; and 

motion of the occupant's head and body before the bag « . 4U . . . . # . . . f . „ 4 . , 

becomes inflated. The distribution of the loads in the inflat- J^^f™ *" ** g " S,8ge ° f 8Dd 
able bag of this invention is over a wide area of the 

occupant's body and head, thus minimizing the load at any DESCRIPTION OF THE PREFERRED 

position on the occupant's body and head. 4s EMBODIMENTS 

The elongation characteristics of inflatable bag are such 

that they contribute relatively little delay in the action of the In °oe embodiment of the invention, an inflatable bag 

bag in restraining the movements of the occupant's bead and generally indicated at 10 (FIGS. 2-4) is disposed in a vehicle 

body. The inflator and inflatable bag of this invention are generally indicated at 12 to become inflated when a collision 

also easily stowed in the compartment, which occupies 50 involving the vehicle occurs. The vehicle includes a steering 

relatively little space and provides an aesthetic appearance. wheel 14 and a seat 16 to the rear of the steering wheel. An 

Furthermore, the operations of the inflator and the inflat- occupant is shown in the seat 16. A pillar 18 is provided at 

able bag are not adversely affected by changes in ambient lhe rear of a framework for holding a door (not fully shown 

temperature. The inflators of this invention are also rela- for purposes of clarity) for providing ingress to, and egress 

tively light in weight and do not require filters as in the prior 55 from, the vehicle 12. A belt 20 is shown as extending across 

art to collect particulates resulting from the combustion of ^ occupant's chest and across the occupant's lap to confine 

pyrotechnic material in the inflator since no particulates are ^ e disposition of the occupant in the seat 16. The steering 

produced in the inflator of this invention. wheel 14 ' the Mt 16 » ^ P iUar 18 » tDe framework 19 (not 

fully shown) and the belt 20 arc conventional in motor 

DESCRIPTION OF THE DRAWINGS 6Q vehicles. 

FIG. 1 is a fragmentary perspective view of a vehicle and A compartment 22 is shown in FIG. 1 as being attached 

shows a fragment of a front door, a seat, an occupant in the as by adhesive 23 to the side of the seat 16 adjacent the 

seat and a compartment at the outboard side of the seat for framework 19. The adhesive 23 can be any suitable material 

holding an inflatable bag; well known in the prior art. For example, the adhesive 23 

FIG. 2 is a fragmentary perspective view similar to that 65 can be a suitable epoxy. The compartment 22 is closed 

shown in FIG. 1 and shows the bag inflated to protect the before any collision involving the vehicle occurs. The com- 

occupant; partment 22 has a flap 24 (FIG. 6) which is pivotable as at 
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the rear end of the compartment 22 when a collision invorv- the vehicle may not wish to be constantly reminded that they 

ing the vehicle 12 occurs. The inflatable bag 10 is disposed may be involved in a collision involving the possibility of 

in the compartment 22 during the time that the bag is in the serious injuries. Furthermore, the disposition of the bag 10 

uninflated state. in the compartment 22 and the provision of the compartment 

The pivoting of the flap 24 in FIG. 6 provides for an 5 with an aesthetic appearance add to the decor of the vehicle 

inflation of the bag 10 and a movement of the bag outside of 12. 

the compartment 22 as the bag becomes inflated. The bag 10 becomes inflated when a collision involving 
Alternatively, the compartment 22 may be pivoted at the rear the vehicle 12 occurs. As the bag 10 becomes inflated, the 
end 27 (FIG. 6A) to provide for a movement of the bag 10 bag 10 becomes unwound from its tight spiral. As the bag 10 
outside of the compartment as the bag becomes inflated. It 10 becomes unwound from its tight spiral, it forces the corn- 
will be appreciated that the compartment 22 may become partment flap 24 at the side of the compartment 22 to pivot 
opened in other ways than the ways shown in FIGS. 6 and to an open position as schematically shown in FIG. 6 so that 
6A to provide for an inflation of the bag 10. the inflation of the bag can be completed outside of the 

It will be appreciated that the discussion above has been compartment 22. When the unwinding of the bag 10 has 

directed to an arrangement for protecting an occupant in the 15 been completed, the bag flaps 28 and 30 become respec- 

seat 16 which is shown as being adjacent the steering wheel uvel y extended upwardly and downwardly from their folded 

14. However, as will be seen from the subsequent disposition on the body portion 26 to positions effectively 

discussion, the system and method of this invention are increasing the vertical height of the inflatable bag 10. In this 

applicable to protect an occupant disposed in each of the wav » we effectiveness of the bag 10 in protecting the 

seats in the vehicle 12. For each of these seats, a compart- 20 occupant in the seat such as the seat 16 becomes enhanced, 

ment corresponding to the compartment 22 is disposed on As will be seen in FIG. 2, the bag 10 when inflated 

the outboard side of the vehicle between such seat and the occupies the space between the outboard side of the occu- 

shell of the vehicle and an inflatable bag corresponding to pant's seat and the framework 19. (As the term "outboard" 

the inflatable bag 10 is disposed in such compartment. The is used in the specification and in the claims, it refers to the 

compartment 22 and the other compartments may have an 25 space between the seat and the shell of the vehicle 12.) As 

exterior appearance which is aesthetically compatible with a result, the bag 10 is especially effective in protecting the 

the interior and the exterior of the vehicle 12 and may be occupant from a collision involving the side of the vehicle 

placed within the seat upholstery fabric. 12. This is especially important because essentially only the 

As shown in FIGS. 2, 3, 3A, 3B and 4, the inflatable bag thin sheet of metallic or plastic material forming the shell of 

10 may have a body portion 26 and a pair of flaps 28 and 30 the vehicle protects the occupant from the forces imposed 

respectively extending integrally in upward and downward u P° n the occupant as a result of such a collision, 

directions from the body portion. The inflatable bag 10 may Alternatively, bag 10 may be folded and deployed as 

be formed from a single sheet of material (FIG. 3A) made shown in FIGS. 9-11. Bag flaps 28, 30 each of which have 

from a suitable material such as nylon having some elastic- 35 front and back sides 28/, 286; 30/, 306 respectively are 

ity. The single sheet of material may be symmetrical about turned inside out and inserted in the bag body 26 between 

a vertical axis 33 and may also be symmetrical about a bag body front and back sides 26/ and 266. FIG. 9 shows 

particular horizontal axis 35. The single sheet of material flaps 28 and 30. FIG. 9a is a bottom view of flap 30 tucked 

may be folded on the particular vertical axis so that two (2) in between bag body walls 26/, 266 forming a flap 30 pocket 

layers are formed on top of each other (FIG. 3B), each layer having its uppermost point at P. The uppermost point P of 

having the same configuration as the other layer. The two (2) flap 30 is shown in FIGS. 9 and 9a to further clarify that flap 

layers are then sewn together at their peripheries as by 30 is inside bag 10 prior to inflation, 

stitches 32 to produce the bag 10. Turning to FIG. 10 and 11, bag 10 is folded in zig-zag 

The inflatable bag 10 may also have a root portion 34 fashion by dividing bag 10 into vertical panel sections 10a, 

which extends from the body portion 26. As will be seen in 4 j 106, etc. By so folding bag 10, the deployment during gas 

FIG. 3, the root portion 34 may be open at its one end in FIG. filling is improved because flaps 28 and 30 can commence 

3 to provide for the flow of a gas into the bag 10 to inflate their emergence out of bag body 26 during gas filling (see 

the bag. FIG. 11) prior to complete deployment. A rolled bag with the 

The root portion 34 of the inflatable bag 10 may be flaps disposed outside the bag against the bag body sides 

suitably attached (FIGS. 3 and 4) to a body member 26 along 50 does not > during unrolling, release flaps 28, 30 until unroll- 

the length of the body. The upper flap 28 is then folded ing is near completion (see FIG. 4). 

downwardly on the body portion 26 from the position shown The effectiveness of the bag 10 in protecting the occupant 

in solid lines in FIG. 3 at a position corresponding substan- against injury may be considered to be at least as important 

dally to the upper extremity of the root portion 34. In like as the effectiveness of the inflatable bags or the inflatable 

manner, the lower flap 30 is folded downwardly on the body 55 belts now included in vehicles to protect the occupant when 

portion 26 from a position corresponding substantially to the a collision occurs at the front of the vehicle. Furthermore, 

lower extremity of the root portion 34. As shown in FIG. 3, the air bag 10 when inflated preferably extends from a 

the flaps 28 and 30 do not overlap each other when folded position relatively close to the vehicle floor, but preferably 

on the body portion 26. not touching the vehicle floor, to a position adjacent the head 

The bag 10 is then spirally wound on a vertical axis as 60 of the occupant. This is schematically shown in FIG. 2. 

shown in FIG. 4. The spiral winding of the bag 10 into a tight An inflator generally indicated at 40 in FIGS. 5-8 extends 

roll is indicated by an arrow 36 in FIG. 4. When the spiral along the length of the root portion 34 in the vertical 

winding of the bag 10 has been completed, the bag is direction to inflate the bag 10. As will be seen from the 

disposed inside the compartment 22 and the flap 24 is subsequent discussion, the inflator 10 is advantageous in that 

pivoted to the closed position. In this way, the bag 10 is not 65 it inflates the bag 10 almost instantaneously. This is 

seen by the driver and the passengers in the normal operation important, particularly when the bag 10 is used to protect the 

of the vehicle. This is advantageous because occupants of occupant against a collision involving the side of the vehicle 
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12, because the vehicle 12 offers very little protection rial when it combusts. The material designated as "UPCO 

against a collision. The inflator 40 produces this almost 302" is advantageous because it generates a higher heat of 

instantaneous inflation of the bag 10 partly because it combustion than the material "UPCO 7019A" but is disad- 

inflates the bag 10 at the same time along the full length of vantageous in that it may generate some environmentally 

the bag and partly because it has constructional and opera- 5 unsafe products such as carbon monoxide when it combusts, 

tive advantages which will be described in detail subse- However, to counter this, a sufficient amount of oxygen can 

quently. be included in the housing 44 to oxidize all of the carbon 

The inflator 40 includes a manifold 42 and a housing 44 monoxide to carbon dioxide. Furthermore, an additional 

disposed inside the manifold 42. The manifold 42 and the oxidizer can be included in the housing 44 to post combust 

housing 44 may be formed from a metallic material prefer- 10 with any excessive carbon monoxide combustion product of 

ably of a low thermal conductivity or from a material with me UPCO 302 propellant. 

an interior surface coating of a low thermal conductivity. A squib 56 is disposed in a socket in the fitting 52 in 

The manifold 42 and the housing 44 have a thickness to communication via passage 48 with the pyrotechnic material 

withstand elevated gas pressures. The surface coatings may 46 in container 77. The construction of a suitable squib is 

be formed from an epoxy, fiber glass, nylon or a number of 15 known in the art. The passage 48 is separated from the 

other suitable materials having a low thermal conductivity, housing 44 by a mpturable diaphragm 50 (FIG. 7). 

all of which materials are known in the art. Fitting 52 has threads in mesh with corresponding threads 

A suitable gas, preferably in the column designated as on the housing 44 and the manifold 42. An O-ring 54 may 

"inert" in the chemical table, is disposed inside the bousing be disposed between the housing 44 and the fitting 52 to 

44 under pressures in the 3000 to 4000 psi range. The gas 20 provide a seal between the housing and the fitting, 

may illustratively be nitrogen, helium or argon. All limit The squib may be ignited by a signal from electronic 

chemical reaction with particles of a pyrotechnic material 46 circuitry 58 (FIG. 8). The electronic circuitry 58 may be 

in a frangible container 77 or with any by-products or end constructed as shown and described in U.S. Pat. No. 5,335, 

products resulting from the combustion of such particles of 598 issued to me and Larry LaClair on Aug. 9, 1994 for 

the pyrotechnic material 46. The container 77 may be 25 "Timing and Firing Circuitry" and assigned of record to the 

preferably made from a thin material having a low thermal assignee of record in this application. The electronic cir- 

conductivity. Container 77 has curved side walls 775 and end cuitry 58 may be energized by a battery 60. The specification 

wall lie which walls have variable thicknesses so that the and drawing in U.S. Pat. No. 5,335,598 are incorporated in 

side walls 775 and end wall lie will burst at about the same this application if there is any question as to the construction 

time to provide a more uniform movement of burning 30 and operation of such electronic circuitry. 

particlesofmaterial46outofburstcontainer77.Anyofthe ^ c i cctr onic circuitry 58 and the battery 60 may be 

compositions specified above for the manifold 42 and the disposcd outcr housiog 62 prcfcrably madc from a 

housing 44 would be satisfactory for the frangible container suitable material such as a metal to provide a Faraday shield 

35 for preventing the electronic circuitry from being energized 

Argon is preferred as the gas in the housing 44 because it by stray electromagnetic waves. The housing 62 is spaced 

has a low thermal conductivity. As a result, a substantial from the housing 44 to define an end conduit 63 (FIG. 7). 

portion of the heat generated by the combustion of the The housing 62 may preferably be thin and may preferably 

particles of the pyrotechnic material 46 is trapped raise the be made from a material of a low thermal beat conductivity 

temperature of the molecules of the argon gas in the housing ^ such as those described above for the manifold 42 and the 

44 and expand the gas in the housing in accordance with housing 44. 

such temperature rises. A catcher 64 is disposed on the external periphery of the 

The combustible or pyrotechnic material 46 may consti- housing 62 adjacent to, and preferably in line with, a 

tute relatively small particles or granules with a size in the mpturable diaphragm 66 on the housing 44. The catcher 64 

range of approximately 0.010 inches to approximately 0.060 45 is disposed and configured to impale the diaphragm 66 when 

inches. The particles may typically have physical dimen- the diaphragm ruptures. The catcher 64 is disposed in the 

sions approximately 0.050 inch in diameter and approxi- end conduit 63. In this way, the conduit 63 does not become 

mately 020 inch thick or physical dimensions which are blocked when the diaphragm 66 becomes ruptured. It will be 

roughly spherical and granular with a sixteen (16) mesh size. appreciated that other means than the diaphragm 66 may be 

The pyrotechnic material 46 may illustratively constitute so used 10 isolate tDe housing 44 from the conduit 63 and to 

particles of a material designated as UPCO 302 or UPCO provide a communication between the housing and the 

7019Aby applicant's assignee of record in this application. conduit when the gas in the housing expands. For example, 

The particles of the pyrotechnic material 46 may comprise a spring-biased pop-off valve may be used instead of the 

a mixture of different sizes to control the time for the diaphragm 66. 

combustion of the combustible material. When used in the 55 The housing 44, the manifold 42 and the housing 62 are 

quantities required for the inflator 40, the pyrotechnic mate- fixedly positioned relative to each other as by an insert 68 

rial 46 has properties of providing by-products when par- which has threads in mesh with the housing 44, the manifold 

tially combusted, or end products when fully combusted, and the housing 62. An O-ring 70 is disposed between the 

that are environmentally safe and that do not produce tube 44 and the insert 68 to seal the tube relative to the insert, 

offensive or noxious smells when used in the small quanti- $0 As will be seen in FIGS. 5, 6 and 8, the housing 44 is 

ties associated with the inflator 40. The term "environmen- eccentric relative to the manifold 42 so as to be disposed in 

tally safe" as used herein is meant to indicate that the substantially abutting relationship with the manifold at one 

by-products and end products from the combustion of the end and to define an elongated passage 72 with the manifold 

pyrotechnic materials 46 do .not injure the occupant or at the opposite end. 

damage the vehicle or the atmosphere. 65 As will be seen in FIGS. 6-*, the passage 72 extends 

The material designated as "UPCO 7019A" is particularly along substantially the full lengths of the manifold 42 and 

advantageous since it produces environmentally safe mate- the housing 44. Holes 74 are provided in the manifold 42 at 
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spaced positions along the length of the manifold. The holes reaction between the pyrotechnic material 46, or any 

74 provide a communication between the passage 72 and the by-products products or end products resulting from the 

inflatable bag 10. Preferably, the distance between succes- combustion of such pyrotechnic material, and such gas. Of 

sive pairs of the holes 74 progressively decreases at pro- the inert gas, argon is preferred because it has a low thermal 

gressive positions along the manifold as shown schemati- 5 conductivity and higher mass. As a result, a substantial 

cally in FIGS. 6-8. The bag 10 is clamped to the manifold porlion of tbe heat generated by the combustion of the 

42 at its opposite ends as by nngs 76. particles of the pyrotechnic material 46 is trapped within the 

When the vehicle 12 is involved in a collision, particularly molecules of the argon gas. This heat is used to raise the 

in a collision against a side of the vehicle, the electronic temperature of the molecules of the argon gas in the housing 

circuitry 58 generates a signal which is introduced to the 1Q 44 „ ^ ^ m tne housin £44 ^ 

squib 56 to ignite the squib. The squib 56 in turn causes a iUa < Ua Z. „ ~ ne . , . Ua j. , 

sUrge of very hot materials to travel along passage 48 to ^ Z ?* thc ar B 0n a * amst ±e dia P hra S m 66 - 

ignite the pyrotechnic material 46 in the container 77. The ^ container 77 and the housing 44 also co-operate in 

heat generated by the combustion of the squib 56 causes the maximizing the temperature increase of the gas in the 

diaphragm 50 to open or rupture almost instantaneously and housing as a result of the heat generated by the particulate 

ignite the pyrotechnic material 46. Container 77 is not 15 combustion. Tne internal surface coating of housing 44 and 

isolated from housing 44 in that the pressure in container 77 me container 77 are made from low thermal conductivity 

is the same as the pressure in housing 44. materials, at least on the surfaces in contact with the gas. 

Hie opening or rupture of the container 77 occurs after a Such materials m *Y * mbber P? 1 ^*; 

relatively short period of time such as approximately one 9n y le °f ™* the ^ ^ t l e ™ al 

millisecond (1 ms). At the end of this time, the particle size 20 conductivities of approximately 1 to 15 ^(M JC) as 

of the pyrotechnic material 46 has been diminished some- ^PJ?** 10 a ra ?* e °f c ?? d ^ ivitie f from 50 to 200 K/W 

what by the partial combustion of the particles. After the (M.K.) when a relatively high thermal conductivity ^material 

rupture of the container 77, the partially combusted particles such ? or aluminum is used for the housing 44 and the 

of the pyrotechnic material 46 pass into the housing 44 25 contamcr 77 * 

where such particles continue to combust. This combustion The housing 44 and the container 77 also do not absorb 

occurs for a relatively short period of time such as approxi- anv significant amount of the generated heat because they 

mately two to five milliseconds (2-5 ms). The size and are exposed to high temperatures only for relatively short 

burning characteristics of material 46 are selected to accom- periods of time of approximately ten milliseconds (10 ms) or 

plish combustion within these periods of time. 30 le &s- Tnis is in contrast to existing inflators which function 

As shown schematically in FIG. 8, the particles of the at such elevated temperatures for approximately thirty to 

pyrotechnic material 46 travel in a direction away from the sixt y milliseconds (30-60 ms). During such relatively 

passage 48 and all remains of container toward the dia- extended periods of time, heat is transferred to the members 

phragm 66 and combust as they travel in this direction. This forming such inflators. 

causes the particles of the pyrotechnic material 46 to dimin- 35 When the gas has expanded sufficiently in the housing 44, 

ish in size as they travel from ruptured container 77 along the diaphragm 66 breaks and the gas expands through the 

housing 44 toward the diaphragm 66. Thc progressive passage 72. The area of the diaphragm 66 and the cross 

diminution in size of the particles of the pyrotechnic mate- sectional area of the passage 72 may be selected to control 

rial 46, as the particles to move from the container 77 toward the time for the opening or rupture of the diaphragm 66 and 

the diaphragm 66, is further shown in FIG. 8. ^ the flow of the gas through the passage into the inflatable bag 

The composition of the particles of the pyrotechnic mate- 10 - Diaphragm 66 is constructed to break at pressures of 

rial 46 and the combustion of the particles of the pyrotechnic about 12,000 psi. The particular composition of the pyro- 

material at progressive positions in the housing 44 offer technic material 46 and the relative sizes of the different 

certain important advantages. The pyrotechnic material 46, particles in such material also control the time within which 

and particularly the "UPCO 7019A" material, combusts to 4S ^ c gas is to be heated within the housing 44. Such particular 

produce by-products and end products which are not inju- composition accordingly controls the time for the gas to flow 

rious to the environment or to the occupant. This is also true mt0 mc inflatable bag 10. Although the discussion in the 

of the "UPCO 302" material when additional amounts of specification is specifically directed to the inflatable bag 10, 

oxygen or fuel are disposed in the housing 44. il wiU 06 appreciated that the inflator 40 may be used with 

Furthermore, the combustion of the particles of the pyro- 50 other types of inflatable membere than the inflatable ba S 10 

technic material 46 in the housing 44 causes the heat The expansion of the gas in the housing 44 causes a force 

generated by such combustion to be transferred directly and to be produced which ruptures the diaphragm 66. When the 

thermally to the molecules of the gas in the housing 44 diaphragm 66 ruptures, the gas in the tube 44 flows through 

without substantial contact with the housing or other heat cnd conduit 63 and into passage 72. The conduit 63 remains 

absorbing surfaces. The housing 44 and the container 77 55 open even after the rupture of the diaphragm 66 because the 

present low thermal conductivity surfaces to interface with catcher 64 impales the diaphragm if the diaphragm should 

the heated gas, thereby causing the liberated heat from the become detached from the housing 44. 

combustion of the pyrotechnic material 46 to be utilized As the gas flows through the passage 72, it passes through 

effectively only to heat and expand such gas. Furthermore, the holes 74 into the bag 10 to inflate the bag. As will be 

the container 77 and the housing 44 do not absorb any so seen, the bag 10 becomes simultaneously inflated through 

significant amount of the generated heat because they are the holes 74 along thc full length of the bag. This minimizes 

relatively thin and because the inflator 40 does not contain the time for the inflation of thc bag 10 and provides 

any filters which would absorb a significant amount of tbe protection to the occupant in a minimal period of time along 

thermal energy from the gas as the gas passes through the the full length of the bag. 

filters. 65 The bag 10 may be inflated simultaneously at substan- 

As previously indicated, the gas in the bousing 44 is daily the same rate along the full length of the bag by 

preferably nitrogen, helium or argon. All limit chemical spacing the successive holes 74 progressively closer to one 
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another along the full length of the bag. This compensates only a minimal amount. For example, the temperature rise of 

for the decrease in the pressure of the gas in the passage 72 the inflatable bag 10 as a result of the inflation of such 

at progressive positions along the bag 10 because of the flow inflatable bag may be approximately less than 20° Fahren- 

of the gas through such holes at the progressive positions. heit. This prevents the occupant from being burned by the 

As the bag 10 becomes inflated, the bag becomes 5 inflatable bag 10 such as sometimes occurs in the inflatable 

unwound from the spiral configuration shown in FIG. 5 and members of the prior art. 

schematically shown in FIG. 4. As the bag 10 becomes As will be seen, the inflatable bag 10 is advantageous 
unwound from the spiral configuration, its longitudinal because it can be retrofitted in a vehicle without having to 
dimension increases. This is the dimension along the length adjust any of the components or sub-assemblies in the 
of the vehicle 12. When the bag 10 has become fully 10 vehicle. The inflatable bag 10 can be provided for the 
unwound from its spiral configuration, its longitudinal occupant of the driver's seat, the occupant of the other front 
dimension has been significantly increased from that shown seat and the occupants in the rear seats. The inflatable bag 10 
in FIG. 5. In its fully unwound relationship, the bag 10 is provided as an integral assembly in each of these seats 
extends across the full length of the occupant in the seated because the inflatable bag 10 can be disposed in the corn- 
disposition. This may be seen from FIG. 2. The occupant's 15 partment22 in an assembled relationship with the inflator 40 
full body thus becomes fully protected against the impact of as shown in FIG. 5 and because the compartment 22 can be 
the collision as schematically shown in FIG. 2. easily attached to the side of the occupant's seat as by the 

When the bag 10 has become fully unwound from its adhesive 23. 

spiral configuration, the flaps 28 and 30 in the bag become The system constituting this invention has certain impor- 

lifted from the body portion 26. This provides for an 20 tant advantages in its individual sub-systems and in its 

extension of the bag 10 in the vertical direction. In this way, assembled relationship. For example, the inflator 40 pro- 

the bag 10 becomes extended vertically. While the bag is in vides an almost instantaneous opening of the container 77 

the compartment 22, the height of the bag 10 is about sixteen and the heating of the gas in the housing 44 because of 

inches (16"). After the bag 10 has become fully inflated, the certain advantages in the inflator. These advantages include 

height of the bag is about twenty six inches (26") because of 25 the composition of the pyrotechnic material 46, the forma- 

the rotation of the flaps 28 and 30 from the body portion 26. tion of the pyrotechnic material as particles, the partial 

This height is sufficient to protect the seated occupant from combustion of the particles of the pyrotechnic material in the 

a position adj acent the occupant's hips to a position adjacent container 77 and the combustion thereafter of the particles of 

the occupant's head. the pyrotechnic material in the housing 44 as such particles 

The inflation of the bag 10 controls the occupant's head 30 Durn in juxtaposition in the housing to the gas with the low 

motion by providing an inflated cushion which supports the thermal conductivity. These advantages also include the 

occupant's head from rotating violently in a side direction. minimal number of components in the inflator 40 and the 

When the occupant's head rotates to the side, accompanied min walls of low thermal conductivity for the different 

by a movement of the occupant's chest to the side, the 35 components including the container 77, the housing 44, the 

occupant's head may impinge against the window or door or manifold 42 and the housing 62. 

against the shell of the vehicle 12 if moving in a side Furthermore, since the pyrotechnic material 46 is in 

direction unless adequate restraint is provided against this powder or granular form as distinguished from the larger 

movement as in the system of this invention. Furthermore, grains used in some inflators in the prior art (20 times the 

the occupant's neck may be severely strained, as in the prior ^ size of the particles or grains of the pyrotechnic material of 

art of standard seat belts short or thorax only side bags, as this invention), the combustion of the pyrotechnic material 

a result of the violent jerk imparted to the neck at the time can occur in a time considerably shorter than in the prior art. 

of the collision. The system of this invention protects against This fast combustion of the pyrotechnic material 46 results 

such injuries. It will be appreciated that the occupant's in part from the small quantity of the pyrotechnic material in 

thorax region and hips are also protected by the inflatable 45 the container 77 and also in part from the relatively high 

bag 10 of this invention. When the occupant is sitting in a pressure of about twelve thousand pounds per square inch 

rear seat, the occupant's neck and head are protected in this (12,000) psi as compared to the prior art, at which combus- 

manner by the inflatable bag 10 of this invention against tion occurs. The inflator 40 of this invention also provides 

moving against the side of the shell of the vehicle 12. for substantially uniform operating characteristics in the 

The inflation of the bag 12 occurs in a relatively short time 50 inflatable bag 10 even with considerable changes in the 

from the instant of the collision in comparison to the ambient temperature in the vicinity of the vehicle, 

inflation of the inflatable members such as the belts in the The system and method constituting this invention also 

systems of the prior art. This results in part from the fact that have other advantages over the prior art. For example, the 

the inflator 40 operates in a relatively short period of time housing 44 is disposed adjacent the conduit 63 and the 

such as approximately two (2) to five (5) milliseconds to 55 passage 72. This helps to minimize the time for the inflatable 

initiate the flow of the gas such as argon through the passage bag 10 to become inflated. It also minimizes the inflator. The 

72. The time for the flow of the gas through the passage 72 minimization in the weight of the inflator 40 and the space 

into the inflatable bag 10 is also relatively short such as in occupied by the inflator also minimizes the amount of the 

the order of about ten milliseconds (10 ms) to fifteen pyrotechnic material 46 in the inflator. As previously 

milliseconds (15 ms). The total time for the inflation of the 60 described, the pyrotechnic material 46 is preferably in 

bag 10 is accordingly within the time available for produc- particulate or granular form. The combustion of the pyro- 

ing the protective cushion between the body including the technic material 46 produces by-products and end products 

head and the interior of the side of the vehicle 12 in a which do not require a filter to be included in the inflator. 

collision against the side of the vehicle. The system and method described above have other 

The amount of the pyrotechnic material 46 in the con- 65 important advantages. They include the inflator 40 and the 

tainer 77 is so small and the inflation of the inflatable bag 10 inflatable bag 10, both of which can be included in the 

is so fast that the temperature of the inflatable bag increases compartment 22 which is of such compact size that the 
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compartment 22 can be adhered to the side of the seat 16 as 
by the adhesive 23. The compact size of the compartment 22 
results in part from the spiral winding of the inflatable bag 
and the disposition of the flaps 28 and 30 on the body portion 
26. Because of this, the compartment 22 can be retrofitted to 
the sides of all of the seats in vehicles which are now on the 
road. 

Furthermore, the deposition of the flaps 28 and 30 on the 
body portion 26 in the compartment 22 allows the compart- 
ment to be of a relatively small size. For example, as shown 
in FIG. 1, the compartment 22 has a height less than the 
height of the seat 16. 

The compartment 22 can have only a limited height, 
particularly if the compartment is to be raised from the floor 
of the vehicle 12 and is to be disposed against the seat 16 
only along the height of the seat. The height of the bag 10 
when inflated can be extended by disposing the flaps 28 and 
30 from the opposite ends of the body portion 26. By 
providing the flaps 28 and 30, the bag 10 when inflated 
protects the occupant in the seated position from the occu- 
pant's legs to the occupant's head. 

The system and method of this invention have other 
significant advantages. For example, the manifold 42 and the 
housing 44 define the passage 72, which may be of an 
extended length. The gas flowing through the passage 72 is 
introduced simultaneously into the inflatable bag 10 along 
the full height of the inflatable bag because of the disposition 
of the holes 74 in the manifold 42 along the length of the 
passage 72. The inflation of the inflatable bag 10 substan- 
tially uniformly along the length of the passage 72 can be 
facilitated by disposing the holes 74 progressively closer 
together along the length of the passage. 

The inflatable bag 10 has characteristics which do not 
vary appreciably with changes in ambient temperature over 
a range of temperature variations between approximately 
-65° F. and +1750 F. This has resulted in part from the fact 
that the burning time of the particles of the pyrotechnic 
material 46 in the inflator 40 is in the order of only 2-5 
milliseconds. It has also resulted in part from the fact that the 
passage 72 is adjacent the housing 44. This has caused the 
system of this invention to provide a more consistent per- 
formance and a significantly greater protection of the occu- 
pant than the systems of the prior art. 

Although this invention has been disclosed and illustrated 
with reference to particular embodiments, the principles 
involved are susceptible for use in numerous other embodi- 
ments which will be apparent to persons skilled in the art. 
The invention is, therefore, to be limited only as indicated by 
the scope of the appended claims. 

What is claimed is: 

1. A combination for protecting an occupant in a vehicle 
in the event of a collision involving the vehicle, the com- 
bination comprising: 

an inflatable bag for confining, when inflated, the dispo- 
sition of the occupant in the vehicle, 

a container for holding pyrotechnic material, a bousing 
having an inner surface, an interior volume and a seal 
for holding a gas at a first pressure, and opening at a 
second, higher pressure, wherein the gas is expansible 
when subjected to heat, 

an initiator for initiating the combustion of the pyrotech- 
nic material upon the occurrence of a collision involv- 
ing the vehicle, 

a manifold, having a length, the manifold enveloping the 
housing and defining a passage with the housing, and 

the manifold defining holes along the length of the 
manifold for introducing into the inflatable bag the gas 
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flowing through the passage between the housing and 
the manifold, wherein 
the first pressure is sufficiently high and the pyrotechnic 
material has a burning time which is sufllciently short 

5 such that, upon combustion, the pyrotechnic material 
burns substantially completely and without substantial 
contact of burning material upon the inner surface as it 
leaves the container, such that the pressurized gas at the 
first pressure is heated, thereby increasing the gas 

1Q pressure to at least the second pressure to cause the seal 
to open and the gas to exit the interior volume in a time 
sufficiently short to substantially prevent transfer of 
heat to the housing. 

2. The combination as set forth in claim 1, further 
15 comprising at least one clamp for clamping the inflatable 

bag to the manifold. 

3. The combination as set forth in claim 1, further 
comprising a seat in the vehicle, wherein the inflatable bag 
is disposed relative to the seat, such that, when inflated, the 

2Q occupant is protected against a collision involving the side 
of the vehicle. 

4. The combination as set forth in claim 1, wherein the 
pyrotechnic material is in the form of particles, and 

the container is configured and adapted to open to the 
25 housing upon partial combustion of the particles of the 
pyrotechnic material to obtain the disposition thereafter; 
of the partially combusted particles of the pyrotechnic 
material in the housing and the combustion of such 
partially combusted particles of the pyrotechnic mate- 
30 rial in the housing. 

5. The combination as set forth in claim 4, further 
comprising a seat in the vehicle, and 

at least one clamp for clamping the inflatable bag to the * 
manifold, wherein the inflatable bag is disposed rela- 
35 tive to the seat to protect, when inflated, the occupant 
against a collision involving the side of the vehicle. 

6. The combination as set forth in claim 1, wherein the 
holes in the manifold are spaced at progressively reduced 
distances along the length of the passage to provide for a 

40 substantially uniform inflation of the inflatable bag along the 
length of the passage. 

7. The combination as set forth in claim 1, wherein the 
container is configured and adapted to open to the housing 
upon the combustion of the pyrotechnic material, but before 

45 completion of the combustion of the pyrotechnic material to 
provide for the completion of the combustion of the pyro- 
technic material within the housing. 

8. The combination as set forth in claim 7, wherein the 
pyrotechnic material produces environmentally safe 

50 by-products and end products when combusted. 

9. The combination as set forth in claim 1, further 
comprising at least one clamp for clamping the inflatable 
bag on the manifold. 

10. The combination as set forth in claim 9, wherein the 
55 holes in the manifold, are at progressive positions along the 

passage, in communication with the interior of the inflatable 
bag for passing into the inflatable bag the gas flowing from 
the bag, 

the holes being spaced at progressively reduced distances 
60 along the length of the passage to provide for a sub- 
stantially uniform inflation of the inflatable bag along 
the length of the passage, 
the container being opened to the housing upon the 
initiation of the combustion, but before the completion 
65 of the combustion of the pyrotechnic material to pro- 
vide for the completion of the combustion of the 
pyrotechnic material within the housing, and 
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the pyrotechnic material, upon combustion, produces 
environmentally safe by-products and end products. 

11. A method of protecting an occupant in a vehicle in the 
event of a collision involving the vehicle, the method 
comprising: 

providing a gas at a first pressure in a housing having an 
inner surface, an interior volume and a seal, configured 
and adapted to maintain the gas at the first pressure, and 
opening at a second higher pressure, 

disposing the housing in a manifold to define a passage 
between the housing and the manifold, 

isolating the housing from the manifold with the seal, 

providing a pyrotechnic material within the housing to 
heat the gas, causing the expansion of the gas in the 
housing upon the occurrence of a collision involving 
the vehicle to discontinue the isolation through such 
seal between the housing and manifold and to provide 
for the flow of the expanded gas thereafter through the 
passage, and 

disposing an inflatable bag relative to the passage to 
provide for the inflation of the bag by the expanded gas 
flowing through the passage, wherein 

the first pressure is sufficiently high and the pyrotechnic 
material has a burning time that is sufficiently short 
such that, upon combustion, the pyrotechnic material 
burns substantially completely and without substantial 
contact of burning material upon the inner surface, such 
that the pressurized gas at the first pressure is heated, 
thereby increasing the gas pressure to at least the 
second pressure to cause the seal to open and the gas to 
exit the interior volume in a time sufficiently short to 
substantially prevent transfer of heat to the housing. 

12. The method as set forth in claim 11, further compris- 
ing the steps of: 

disposing the inflatable bag in a closed compartment 
before the inflation of the bag, and opening the com- 
partment upon the initiation of the inflation of the bag 
in the compartment to provide for an expansion of the 
bag outside of the compartment. 

13. The method as set forth in claim 11, further compris- 
ing the steps of: 

winding the inflatable bag in a spiral configuration for 
storage before the inflation of the bag, 
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disposing the spirally wound inflatable bag in a closed 
compartment configured and adapted to open upon 
inflation of the inflatable bag, and 
opening the compartment during the inflation of the bag 
5 in the compartment to provide for an expansion of the 
bag outside of the compartment and an unwinding of 
the bag from the spiral configuration in accordance 
with the inflation of the bag. 
14. The method as set forth in claim U, further compris- 
10 ing the steps of folding panels of the inflatable bag in a 
folded zig-zag configuration for storage before the inflation 
of the bag, 

disposing the folded inflatable bag in a closed compart- 
ment configured and adapted to open upon inflation of 
15 the inflatable bag, and 

opening the compartment during the inflation of the bag 
in the compartment to provide for an expansion of the 
bag outside of the compartment and an unfolding of the 
bag from the folded configuration in accordance with 
the inflation of the bag. 
20 15. The method as set forth in claim U, further compris- 
ing the steps of: 
providing the inflatable bag with a body portion and at ' 

least one flap extending from the body portion, 
inserting the flap into the body portion, and folding the 
25 body portion in a folded configuration for storage 
before the inflation of the bag, 
disposing the folded inflatable bag adjacent an occupant's 
seat, and 

inflating the bag upon the occurrence of a collision 
30 involving the vehicle, thereby unfolding the bag from 
the folded configuration, and unfolding the flap from 
the body portion upon the unfolding of the bag from the 
folded configuration. 
16. The method as set forth in claim 15, further compris- 
35 ing the steps of: 

providing an inflator to expand the gas upon the occur- 
rence of a collision involving the vehicle, and 
disposing the inflator and the folded inflatable bag in a 
^ compartment configured and adapted to open upon 
initiation of the inflation of the bag, and 
attaching the compartment to the side of a seat in the 
vehicle. 

* * * * * 
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